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Abstract

National climate change mitigation targets for agriculture are typically transmitted to
farmers as standardised technical requirements, while adaptation is negotiated locally
under biophysical and economic constraint. This paper asks what happens when the
two meet inside a single supply chain. Drawing on semi-structured interviews with ten
informants in Shiga Prefecture, Japan—producers, an agricultural cooperative, a specialist
rice merchant, and two retailers—and applying a Four-Tier Analytical Framework built
from global value chain governance and food systems theory, we identify a Triple Bind.
None of the informants had registered under J-Credit methodology AG-005. The study
therefore examines why these eligible producers have not joined the scheme. Upstream, the
seven-day extension of mid-summer drainage required by AG-005 leaves early-maturing
cultivars little time before panicle initiation. A grower who re-floods in a hot spell loses the
credit. Midstream, cooperatives grade heat-damaged grain down irrespective of whether
the damage followed from environmental compliance. Downstream, mass-market retailers
report that consumers will not pay extra for environmental attributes. Each tier behaves
rationally on its own terms, yet the aggregate outcome is that the cost of national mitigation
policy settles on the tier least able to carry it. The findings indicate that this friction is better
understood as a supply chain specification of the micro-macro paradox of climate action
than as a deficit in farmer knowledge or willingness. We propose supply chain co-design,
state-backed compensation for compliance-induced quality downgrades, and corporate
ESG financing in place of consumer eco-premiums.

Keywords: climate change adaptation; climate change mitigation; rice supply chain;
J-Credit; value chain governance

1. Introduction
1.1. The Dual Challenge of Climate Change in Agriculture

Agriculture sits awkwardly in climate policy. It is a source of emissions—the irrigated
paddy rice being a well-documented anthropogenic source of methane, which is why
emission-reduction methodologies for flooded rice have drawn sustained attention [1]. It is
also among the sectors most exposed to what those emissions cause. Rising temperatures
and more frequent extremes threaten the crop directly, which creates a second and far more
immediate demand for adaptation [2]. Long-term weather records at the International Rice
Research Institute show grain yield falling as minimum night temperature rises, one of
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the earliest and most direct demonstrations that observed warming, not merely projected
warming, already measurably reduces rice yield [3].

The two demands are often assumed to sit comfortably together, and a useful body
of work has asked when mitigation and adaptation can be pursued as synergies rather
than as competitors [4,5]. That same work has been candid about a division of labour that
persists in practice: mitigation tends to be assessed through biophysical and accounting
logics at a national or global scale, while adaptation is judged through socioeconomic logics
at a farm or community scale [5]. Where the two are examined together, the analysis
usually happens at one of two levels. Either it is agronomic—water regime, cultivar choice,
nutrient management [6]—or it is behavioural, asking which producer characteristics
predict adoption of low-carbon technology [7,8]. There is a further difficulty, and the
climate evaluation literature has named it. Reviewing evidence from large-scale evaluations
of climate interventions, van den Berg identified the micro-macro paradox of climate
action: interventions demonstrably work at the level at which they are measured, yet
the macro-level trajectory does not shift [9]. Later comprehensive evaluations by Uitto
confirmed the pattern, and the paradox has become an organising concept in the evaluation
of environmental interventions in development [10-12]. Its implication for mitigation
instruments is direct: for such action to succeed ultimately, whole systems must change and
become environmentally sustainable, which is simultaneously the route toward durable
emission reductions and toward greater adaptive capacity [10].

The second of these approaches—which we will call the adoption approach, since it asks
why individual farmers do or do not take up a practice—has itself been questioned. Climate-
smart agriculture is often promoted on the promise of a “triple win”: lower emissions, better
adaptation and higher productivity, all at once. Taylor argues that this promise conceals
more than it reveals [13]. In practice these three goals frequently pull against one another,
and when they do, someone has to absorb the loss. By presenting the problem as one of
getting farmers to adopt the right technique, the triple-win framing turns a question about
who pays into a question about who complies. The present study asks who pays.

These two bodies of work—the agronomic and the adoption literatures—have each
produced findings this study relies on. Neither, however, was designed to answer the
question we pose here, and it is worth being precise about why.

Agronomic research can show that a mitigation practice and an adaptation practice
cannot both be carried out in the same field. That is a valuable finding, and we draw on it
directly. But it stops at the point where the farmer’s decision begins. It does not ask which
practice gets abandoned, or why.

Adoption research does examine the decision. Its difficulty is that it looks for the
explanation inside the individual farmer—in their information, their capital, their tolerance
for risk. Non-adoption then appears as a shortfall in the person. This framing has been
criticised for treating structural constraints as personal ones [13,14].

What neither body of literature follows is what happens after the decision is made.
The consequences do not stay in the field. An agronomic choice becomes a quality outcome
at inspection, and a quality outcome becomes an income outcome at sale. The conditions
governing that passage are agronomic, institutional and economic at once, and they lie
beyond the farm gate.

1.2. The Japanese Context: Demographic Decline and Agricultural Vulnerability

Japan is an instructive case because climate exposure arrives on top of structural
constraints that leave producers with little capacity to absorb additional burdens. According
to the national agricultural census, the mean age of core agricultural workers is now close
to 68 years, and the same statistics record a shrinking workforce and persistent farmland
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abandonment [15,16]. This is not only a succession problem. An ageing workforce limits
the manual labour available for exactly the practices—mechanical weeding above all—that
environmental compliance schemes ask for in place of chemical inputs.

The economics are equally tight, and the figures are worth setting out in full, because
the scale of the shortfall is not obvious from a single number.

Take a representative 10 a plot—one tenth of a hectare, a convenient Japanese ac-
counting unit. Detailed cost accounting shows that once the depreciation of essential
infrastructure is properly counted—grain dryer, huller and sorter, refrigerated storage,
work shed, vehicles, together with land rent and water improvement levies—non-labour
production costs reach roughly 85,000 JPY per 10 a [17]. This is the cost of operating before
the farmer’s own time is valued at anything at all. Official statistics for the 2024 crop give a
similar order of cost. Before labour, land and capital are counted, the cost is 100,820 JPY per
10 a in the Kinki region and 83,079 JPY nationally [18].

Against this, the same plot yields on average 5.3 hyo (about 318 kg). At the conven-
tional wholesale price of roughly 13,000 JPY per 60 kg—the range has historically been
12,000-15,000 JPY—that plot generates gross revenue of about 68,900 JPY. Revenue there-
fore falls short of non-labour costs by roughly 16,000 JPY per 10 a, before a single hour
of labour is priced [17]. Prices have since risen sharply. The relative transaction price of
Shiga Koshihikari, Japan’s most widely planted cultivar, was 15,272 JPY per 60 kg for the
2023 crop and 34,596 JPY for the 2025 crop [19,20].

The gap is closed, when it is closed at all, by direct payments and by unpaid labour. That
plot takes roughly 30 h to work. Nationally, the average paddy farm earned about 10 JPY
per hour of work in 2021-2022, against a statutory minimum wage above 1000 JPY [21].

These are one farmer’s figures for one operation, and the assumptions are open to
challenge. What is less disputable is the order of magnitude: an enterprise operating at
this margin has little capacity to absorb a policy shock, and none to self-insure against a
grade downgrade. The recent rise in price eases this margin for now. It does not remove
the exposure to a downgrade.

1.3. Problem Statement, Research Gap, and Research Questions

Why should mitigation and adaptation come into conflict at all, when both serve the
same end? They compete for the same finite resources at the same moment. Mitigation
asks the farmer to give something up now—water, chemical inputs, a portion of yield—in
exchange for a diffuse global benefit realised over decades. Adaptation asks that those same
resources be deployed immediately, to protect this season’s crop. Where the resource is
singular, as paddy water is, the two demands cannot both be met. This tension is usually
described as a mitigation—adaptation trade-off, and it has an established body of literature.
Locatelli and colleagues set out the conditions under which mitigation and adaptation
in agriculture and forestry may be pursued jointly, and where they instead compete for
the same land, water or labour [4]; Duguma and colleagues examine the institutional
conditions that allow synergy to be realised, and note how rarely those conditions hold
in practice [5]. We use the term Mitigation—Adaptation Paradox for the arrangement
described below. It is a supply chain specification of the micro-macro paradox: where van
den Berg’s formulation concerns the gap between micro-level success and an unmoved
macro trajectory [9], ours concerns the mechanism producing that gap within a single
commodity chain—a mitigation instrument certifying a verified reduction at Tier 1 while
shifting agronomic and financial vulnerability onto Tier 2, in a chain where no institution
registers the transfer. The agricultural literature treats the same tensions as trade-offs [4,5]
and maladaptation [22,23]. Readers who prefer the established vocabulary may read the
term throughout as maladaptation produced by rigid policy design, operating at the scale
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of a supply chain rather than a field. We use the term descriptively: a situation in which
complying with a mitigation requirement would raise a producer’s exposure to climate
risk, and in which no institution in the chain is equipped to notice that it has done so. The
adaptation literature has its own vocabulary for this, and it is worth being explicit about
the choice. Maladaptation is generally defined as an action that, while intended to reduce
vulnerability, ends up increasing it instead, or that increases vulnerability elsewhere in the
system [22]. Recent work on the concept has pushed for tighter definitional boundaries
so that maladaptation is not simply a label attached after the fact to any policy that goes
wrong [23]. What we describe here would qualify as maladaptation on either definition if
the risk materialised: the mitigation instrument increases vulnerability at the very tier it
does not touch directly. We keep the Mitigation—Adaptation Paradox as the working term
because the emphasis of the paper is on where the induced vulnerability accumulates across
a chain, which the maladaptation literature does not by itself specify.

We apply the term only when four conditions hold together. First, a mitigation re-
quirement acts on a resource that local adaptation also uses. Second, the requirement is
uniform and cannot be varied when the need for adaptation rises. Third, an intermediate
institution turns the resulting loss into lost income without asking what caused it. Fourth,
no tier further down the chain makes good that loss. These conditions can be checked from
the rules of the instrument and of the chain, before any loss is observed.

The paradox differs from maladaptation in where it starts, not in when it can be seen.
The IPCC defines maladaptive actions as those that may increase the risk of adverse climate
outcomes, including by shifting vulnerability [24]. Reviews of maladaptation mostly examine
actions taken in the name of adaptation [25,26]. Our case starts from a mitigation instrument.
The object of analysis also differs. Reckien and colleagues assess the outcomes of options, not
how an option was designed [26]. Our four conditions concern design: how an instrument
allocates the risk of failure along a chain. Section 5.3 sets the two concepts side by side.

Existing work on Japanese rice and climate adaptation is itself divided along tier lines—
agronomic, farm-economic and consumer-facing bodies of literature that rarely address
one another—and Section 3.2 sets out that division and its consequences in detail. What
follows from it here is that these bodies of literature are, individually, poorly positioned
to observe how environmental mandates and climate risks are passed down, filtered, or
absorbed across the intermediate interfaces of the chain.

What remains underexplored, then, is how these strategies interact inside the eco-
nomics of the wider chain. Food systems research established some time ago that production
cannot be analysed apart from processing, distribution, retail and consumption, since what
happens at one node conditions the others [27]. The recent assessment literature makes the
same observation from the other direction, noting that agricultural climate interventions
remain weighted toward farm-level production analysis and deal less consistently with
structural constraints in post-harvest value chains [2].

The two paddy-water demands examined in this paper illustrate the mechanism
concretely. Two terms are used here in advance of their full treatment. By tiers we mean
the successive stages through which rice passes: Tier 1, the institutional layer of national
government and policy; Tier 2, producers; Tier 3, cooperatives, wholesalers and merchants
who aggregate, inspect and grade; and Tier 4, retailers and consumers (Section 3.2). The
J-Credit Scheme is Japan’s government-administered carbon offsetting programme, under
which verified emission reductions are certified as credits and sold to firms with their own
reduction commitments (Section 2.2). The J-Credit requirement to extend mid-summer
drainage is a single-objective mitigation requirement: it is verified against one variable,
methane suppression, and certified at Tier 1 through a standard protocol. Keeping the
paddy flooded in the weeks around heading, when grain quality is most sensitive to heat,
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is an adaptation practice, negotiated at Tier 2 against the condition of a particular field in
a particular season. Assessed on its own accounting terms, the mitigation requirement
can report success—the drainage was extended, the reduction was verified, the credit
was issued. Assessed across the chain, that same success may have raised the producer’s
exposure to heat damage, which becomes a grade at Tier 3 and an income loss that Tier 4
declines to compensate. This is the micro-macro paradox operating within a commodity
chain: mitigation instruments decoupled from whole-system supply chain economics and
from local adaptation needs do not merely underperform, they systematically relocate
vulnerability toward the tier least able to carry it, and, where the risk materialises, induce
maladaptation on the farm [22].

This paper takes up that gap by treating mitigation—adaptation tension as a cross-
supply-chain constraint rather than a farm-level agronomic choice. The research question is:
How do national climate change mitigation (CCM) policies interact with localised climate
change adaptation (CCA) strategies across a multi-tiered rice supply chain? We address
this question through an embedded case study of Shiga Prefecture, for the reasons set out
in Section 3.1.

2. Background and Institutional Context
2.1. Trajectory of Japanese Agricultural Policy and Subsidies

Japanese rice policy has moved over several decades from direct production control
toward market orientation [21]. The gentan production adjustment system, introduced
in 1971, managed supply for more than four decades. Its mechanism is worth stating
precisely, since the two are often conflated: the government set a national target for rice
volume, then translated that target into planting area quotas allocated down through
prefectures to individual farms, with subsidies paid for converting paddy to other crops.
The instrument was therefore acreage-based, but the objective it served was volume control.
The government stopped setting production targets for each prefecture in 2018 [21]. Policy
since 2018 has emphasised production responsive to demand, consolidation of land among
designated core operators, and improved competitiveness [21,28]. This happened against
a long structural decline in domestic rice consumption, which fell from a peak of about
118 kg per capita in 1962 to roughly 51 kg in 2021 [29], and against continuing volatility in
supply, stocks and price [30]. International assessment of agricultural policy reform places
Japan among the OECD countries with the highest producer support. The OECD urges
a shift of that support toward environmental public goods [31]. The schemes described
below are domestic examples of such support.

For most of the postwar period the state intervened in rice markets directly: it set
producer prices, purchased and stored the crop through the food control system, allocated
production quotas to prefectures, and absorbed the fiscal cost of holding supply and demand
in balance. The reforms outlined above dismantled most of these instruments. Critical
work on this transition argues that the resulting restructuring has moved responsibility
for environmental sustainability and structural risk away from direct state provision and
onto supply chains, markets and local communities [14]. That observation matters a great
deal here. Where the state withdraws these direct instruments while raising environmental
requirements at the same time, the supply chain becomes the mechanism of enforcement,
and where compliance costs finally land becomes a matter of supply chain governance
rather than of policy design.

2.2. Top-Down Mitigation Frameworks: The Green Food System Strategy and J-Credit

In May 2021 the Ministry of Agriculture, Forestry and Fisheries (MAFF) adopted the
Green Food System Strategy [32,33]. Its legal character bears on how the targets reach
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producers: the Strategy is a ministerial policy document rather than a statute, and its
targets—zero sectoral carbon dioxide emission by 2050, a 50% cut in chemical pesticides,
a 30% cut in chemical fertiliser, and organic cultivation on 25% of farmed area—are not
in themselves binding on individual farms [32]. Binding force arrives indirectly, through
the 2022 Act on Promotion of Environmentally Friendly Food Systems, the certification
of business plans under it, and the eligibility conditions attached to subsidies and credit
schemes. The Strategy is explicit that the transition runs through every stage of the food
supply chain, from inputs to consumption [33], and later ministerial material consolidates
the associated technical measures [34].

The principal market instrument through which these targets reach paddy rice is the
J-Credit Scheme. It is administered jointly by three ministries—the Ministry of Economy,
Trade and Industry; the Ministry of the Environment; and MAFF—rather than by MAFF
alone, and operates as an offset programme under which verified emission reductions
are certified as tradable credits and sold to firms seeking to meet their own reduction
commitments [1]. The scheme spans energy, forestry and agriculture, and within agriculture
it includes methodologies for livestock manure management, fertiliser substitution, and
energy efficiency in facility horticulture, among others. Methodology AG-005 is the one
that applies to flooded rice. It certifies the reduction achieved when a field’s mid-summer
drainage is extended by at least seven days. The baseline is that field’s own average over at
least the two previous years, not local custom [1]. Longer drainage suppresses methane
production in the flooded soil.

The seven days rest on national trials, not on local tests. The methodology credits a
fixed 30% cut in the methane emission factor [1]. This matches the average reduction in
trials at nine sites in eight prefectures in 2008-2009 [35]. None of those sites was in the
Kinki region [35].

Four clauses of the methodology matter for this paper. First, drainage counts only before
heading [1]. Second, the extension must run for seven consecutive days. A grower who
re-floods a drying field ends the drainage, and the field earns no credit that year [36]. Third,
there is no shorter extension for hot or dry seasons [1,36]. The guidance even tells growers
to re-flood “without hesitation” if over-drying threatens yield [36]. The rule therefore does
not forbid adaptation, but a grower who adapts loses the credit. Fourth, the start and end of
drainage must be proved by dated photographs or by water-level records [1].

The scheme’s own documents name the risk. The Ministry argues that longer drainage
is not common practice because over-drying can damage roots and reduce yield [36]. The
technical manual behind the 30% figure also warns of some loss of yield [35].

Uptake of AG-005 is uneven across Japan. In fiscal 2025 about 83,100 ha in 40 prefectures
were under extended drainage, and only about 1.3% of that area was in the Kinki region [37].
No registered AG-005 project names Shiga as its location. Most are nationwide programme-
type projects [38].

We single out AG-005 for two reasons. First, it is the agricultural methodology that acts
directly on the water regime of the paddy, which is also the principal instrument of local
heat adaptation; it is therefore the point at which the mitigation and adaptation agendas
make competing claims on the same physical variable. Second, unlike methodologies that
substitute one input for another, AG-005 changes the timing of an operation on which the
crop depends. Drainage falls in the weeks when the crop sets the number of grains it
will later fill [39]. Its working assumption is that paddy water is available to be used as a
mitigation variable—that drainage timing can be stretched without disturbing whatever
else the water is doing. The two are related but not the same, and the distinction matters.
Alternate wetting and drying (AWD) is a general water-management technique, studied
internationally, in which fields are allowed to dry and are then re-flooded in cycles across
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the season. AG-005 applies that logic to one specific window in Japanese practice: it extends
the single mid-summer drainage (nakaboshi) already conventional in Japanese rice growing.
Findings on AWD are therefore indicative for AG-005 rather than directly about it. A meta-
analysis of AWD trials finds that yield penalties from water withdrawal are highly sensitive
to drainage depth and timing, with severe drainage producing measurable yield loss even
as it reduces methane emissions [40]. AG-005 does not vary its seven-day requirement
according to these conditions. Domestic evidence on the extension is reviewed in Section 2.3.

Japan also runs direct payment schemes for environmentally friendly agriculture,
whose positive effects and spatial variation have been studied empirically [41,42]. Prefec-
tures differ considerably in how far they build on this national framework, and Shiga sits at
the more developed end. Because this prefecture supplies the empirical material for the
remainder of the paper, it is worth setting out at some length why it was selected and what
makes its situation legible for the wider Japanese case.

The prefecture occupies central Honshu, and Lake Biwa—Japan’s largest freshwa-
ter body—covers roughly one-sixth of its total area and supplies drinking water to the
downstream Kinki region [43]. Because agricultural runoff drains directly into that lake,
Shiga has for decades treated fertiliser and pesticide use as a water quality problem of
regional rather than purely local consequence. Eutrophication of the lake—freshwater
red tide from 1977 and from 1983, recurrent blue-green algal blooms—was the proximate
driver of policy, prompting the prefecture’s Ordinance on the Prevention of Eutrophication
of Lake Biwa in 1979 [43]. Shiga was the first prefecture in the Kinki region to adopt a
direct payment system for environmentally friendly agriculture, and its agro-environmental
policy is among the most developed in the country [43]. The scheme supported seventeen
distinct initiatives, with payments ranging from 40,000 JPY per hectare for a 50% reduction
in chemical fertilisers and synthetic pesticides to 120,000 JPY per hectare for complete
elimination [43]. The scheme was reorganised in fiscal 2025, and payments are now set per
practice [44]. One practice pays up to 4,000 JPY per 10 a for mid-summer drainage of at
least 14 days with slow-release fertiliser. Under it, growers may add water if the field dries
too far [44]. The prefecture’s Environmentally Conscious Agriculture Framework sets the
50% reduction as its baseline standard [45], within a wider watershed sustainability agenda
for Lake Biwa [46]. Empirical assessment of practice adoption in the prefecture shows
measurable effects on soil fertility and productivity, though with considerable variation
between operations [47].

The right to re-flood may explain part of the difference in uptake. In a choice experiment
in eastern Shiga, farmers accepted a seven-day extension under the prefectural payment even
without extra money [48]. That payment allows re-flooding when the soil dries out [44].
AG-005 does not [36]. The survey also left yield and grade risk out of the choice [48].

Comparable schemes elsewhere offer reference points. In the Mekong Delta, the
compensation rate largely decides whether farmers participate in eco-friendly rice pro-
grammes [49]; national alternate wetting and drying programmes in Vietnam and Thailand
have seen uneven uptake [50,51]; and studies in China identify risk preference, credit ac-
cess and contractual security as the operative determinants [7,8]. The common thread is
straightforward: farmers take up these practices when the deal on offer is worth taking,
and decline when it is not.

2.3. On-the-Ground Climate Adaptation Realities: Heat Stress and Water Management

Adaptation in Japanese rice cultivation is driven above all by high-temperature damage
during grain filling. Heat during ripening disturbs starch accumulation and produces
chalky, white immature grains, with loss of visual quality and grade following directly [6].
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Grain quality is most at risk in about the first 20 days after heading. Chalky grain
increases sharply when the mean temperature in that period exceeds 26-27 °C [6,39]. Recent
Shiga seasons have been well above that level. At Hikone, the mean was 29.0-30.3 °C in
each year from 2023 to 2025 [52] (Figure 1).

Three kinds of response appear in the technical literature and in prefectural extension
material. They are new cultivars, water management and capital investment. Agronomic adap-
tation means moving to heat-tolerant cultivars. In Shiga this has centred on Kiramizuki [53]. It
is positioned as the flagship of the prefecture’s environmental agriculture policy. Biophysical
adaptation means water management. Shiga’s guidance keeps paddies continuously flooded,
3-5 cm deep, for three weeks before and after heading [54]. Related trials point the same way:
deep-flood irrigation increases the assimilate supply available to each grain and measurably
reduces the incidence of milky-white chalky grain under high-temperature, low-radiation
conditions [55], and physiological work on grain filling traces the same heat stress to dis-
rupted starch deposition in the endosperm [56]. Infrastructural adaptation means capital:
air-conditioned cabin machinery so operators do not collapse in the heat, and refrigerated
storage so grain does not deteriorate in a warmer autumn [17].

One observation matters more than the rest. The main biophysical adaptation measure
and the main mitigation measure act on the same variable. Flooding around heading
requires water held in the paddy; AG-005 requires it withdrawn for longer. The two act
at different stages, so they rarely fall in the same week. The extension squeezes the time
between them instead. Shiga’s guidance asks that drainage end by panicle initiation [54]. For
early-maturing cultivars, seven extra days leave almost no gap before that point (Figure 1).

A grower of an early-maturing cultivar who wants the credit must therefore give
something up. Drainage can start before enough tillers have formed. It can end later and
drier than the guidance advises. In the hot summer of 2010 in Niigata, Koshihikari drained
harder than recommended had paler leaves after heading and more immature grain [57].
Or the grower can re-flood, which protects the crop but loses the credit.

Drainage itself is not the problem. Too little drainage also worsens heat damage,
because drainage limits the number of grains the crop must later fill [39]. In short, drainage
is good practice when done in the right amount at the right time. AG-005 fixes the amount
and leaves the timing to be squeezed.

May Jun Jul Aug Sep
v
Mizukagami 2023 L4 N 0_ 30.08 °C
v
Mizukagami 2024 . — ] ¢ 20,57 °C
—
v
Mizukagami 2025 L o m ’_ 30.30 °C
L 4
Koshihikari 2023 . [— | ¢ 20.78°C
———
v
Koshihikari 2024 . [E— ] ¢ 20,65 °C
——
v
Koshihikari 2025 . I L) 29.45 °C
e
v

Kiramizuki 2023 . [E— ¢ 20.07°C

——

v

Kiramizuki 2024 . e — ¢ 2036 1C

—

v

Kiramizuki 2025 (] I ¢ 28.96 °C

—

I Mid-season drainage, 14 days (long drainage under the direct payment scheme) ® Transplanting
I AG-005 extension, +7 days ¥ Panicle initiation (measured)
Continuous shallow flooding (3-5 cm), 3 weeks before and after heading ’ Heading (measured)

I First 20 days after heading; label = mean daily temperature, Hikone

Figure 1. Mid-summer drainage, the AG-005 extension and the flooding window around heading
for three Shiga cultivars, 2023-2025. Transplanting, panicle initiation and heading are measured
dates at the prefectural crop survey plot in Omihachiman City [54]. Drainage is drawn as starting
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31 days after transplanting and lasting 14 days, following prefectural guidance [58], and is followed
by the seven-day extension required by AG-005 [1]. The actual start depends on tiller number, so the
drainage bars are illustrative. The flooding window covers three weeks before and after heading [54].
The red bars mark the first 20 days after heading, labelled with the mean daily temperature at Hikone
City [52]; the Hikone station is not at the survey plot. Prepared by the authors from these sources.

Domestic trials of the extension say little about grade (Appendix A, Table Al). In the
2008-2009 trials behind the 30% figure, yield fell by about 3% on average, and chalkiness
and inspection grade were not reported [35]. Later trials in Yamagata, Niigata and Shiga
found yield and the share of sound grains similar to conventional drainage [59-61]. Three
recent trials in hot seasons also measured grain appearance, with mixed results [62-64].
No domestic study separates the quality loss caused by the extension from the loss caused
by heat. This gap limits the causal claims of this paper (Section 6.3).

The likely route from drainage to quality runs through nitrogen. Low nitrogen sta-
tus around heading is linked to more white-back and basal immature grain in trials
in Kagoshima, Aichi and Shiga [65-67]. Strong drainage made leaves paler in Niigata
in 2010 [57]. In one Iwate trial, it also reduced root activity and the share of sound
grains [68]. Yet Niigata’s review of the 2023 heat blamed heat and too little topdressing,
not drainage [69]. In Shiga, fertiliser limits that protect Lake Biwa add to the late-season
decline in nitrogen [67].

3. Materials and Methods
3.1. Research Design and Case Selection: Shiga Prefecture and the Lake Biwa Basin

This is a qualitative, embedded single-case study. The case is the rice supply chain
of Shiga Prefecture; the embedded units are the successive tiers of that chain. The design
follows the case study logic in which the aim is analytic generalisation—extending and
refining theory so that it can be applied to comparable settings—rather than statistical
generalisation to a population [70]. The distinction matters for how our claims should be
read. We do not estimate the statistical frequency of these phenomena across Japan. We
claim only that the mechanism can arise elsewhere. Where the three conditions set out in
Section 5.3 hold together, a similar bind is likely. Whether they hold beyond Shiga is an
empirical question (Section 6.3).

Shiga was chosen for three reasons. First, the prefecture has one of the most developed
environmental agriculture frameworks in Japan, having run a reduced-input certification
scheme for two decades under the environmental demands of the Lake Biwa watershed [45].
Producers there can therefore describe the costs of compliance from experience rather
than from anticipation. Second, the prefecture has a visible answer to the heat problem
in Kiramizuki, so the adaptation pathway can be observed while it is being built [53].
Third, the 2023 heat events cut the first-grade ratio for the crop year well below historical
norms [71-73]. A mature mitigation apparatus meeting an acute adaptation shock is the
configuration in which the interaction between the two should be most visible.

Shiga is therefore a case in which three conditions coincide. First, the credit earned
per hectare is low in this region (Section 6.3). Second, the prefecture already pays for long
drainage, so the credit needs a further extension on top of it (Section 2.2). Third, heat has
cut grades in successive years (Section 4.2). Section 6.3 sets out the scope conditions that
govern how far the findings apply beyond this case.

3.2. The Four-Tier Analytical Framework

To take the analysis past the farm gate we draw on global value chain research, which
offers established methods for mapping input-output structures, governance relations and

https://doi.org/10.3390/su182110771


https://doi.org/10.3390/su182110771

Sustainability 2026, 18, 10771

10 of 29

institutional context along a chain, and which is centrally concerned with how lead firms
and intermediaries hold asymmetric power over primary producers [74,75]. We combine
these with food systems theory, which treats production, processing, distribution, retail and
consumption as one social-ecological system [27]. Work on food standards as instruments
of trade policy shows that a standard functions simultaneously as a quality signal and as
a barrier that sorts producers by their capacity to comply [76], and broader treatments of
power in global value chains make the same point about sustainability standards specifically:
a standard set at one tier disciplines behaviour at every tier below it [77]. The national
inspection system analysed in Section 4.2 is a standard in exactly this sense.
From that combination we derive a Four-Tier Analytical Framework:

e  Tier 1—Institutional layer: national government, ministerial strategy, and macro-policy
instruments including the Green Food System Strategy and the J-Credit methodology.

o  Tier2—Upstream: primary producers, whether family operations, community farming
associations or incorporated farms.

e  Tier 3—Midstream: agricultural cooperatives, inspection and grading, wholesalers
and specialist merchants.

o Tier 4—Downstream: retailers and end consumers.

Each tier has its own decision logic and its own exposure to climate and price risk, and
the interfaces between them are where compliance requirements are passed on, absorbed,
or refused. What crosses those interfaces is not only cost. A drainage requirement set at
Tier 1 becomes a crop-failure risk at Tier 2; heat damage in the field becomes a grade at Tier
3 and a shelf price at Tier 4; and what retailers believe consumers want shapes the standard
the cooperative applies, which shapes in turn what the farmer can afford to grow. Cost
is the most readily measured of these, but the framework tracks the transmission of the
obligations themselves, not merely their price.

We draw the tier boundaries where a requirement changes form. Gereffi, Humphrey
and Sturgeon note that the point where a standard is applied helps to set the breaks in a
value chain [78]. They also note that public institutions, not only firms, set grades and
standards [78]. At Tier 1 the requirement is written. At Tier 2 it is carried out in the field.
At Tier 3 the harvest becomes a grade and a price. At Tier 4 the rice is priced for consumers.
We treat the state as a tier of its own because, in this chain, ministries write the requirement
and a national system assigns the grade.

Influence also runs up the chain. Retailers” demands on quality travel upstream to
growers [78], and Section 4.2 traces this path from Tier 4 to Tier 2. A weaker path runs
from Tier 3 to Tier 1. The cooperative in our study tried the extension and judged it too
hard for its members (Section 4.1). Yet the methodology has no procedure for revising the
requirement in the light of such field evidence. Krishnan, De Marchi and Ponte describe
how lower-tier actors try to renegotiate the terms of an environmental requirement [79]. In
this chain they have no formal route to do so.

This is the analytical reason for interviewing people who do not farm, and it responds
to a structural gap in the existing Japanese literature rather than to a preference for breadth.

Work on Japanese rice and climate adaptation divides into three disciplinary bodies of
literature that rarely address one another. The first is agronomic and biophysical: it establishes
the mechanisms of heat-induced quality loss and the water-management responses available to
counter them, but does so within experimental field trials, treating the market grade assigned
to the resulting crop as exogenous to the analysis [6,55,56]. The second concerns farm-level
adoption: it models why individual farmers do or do not take up environmental payment
schemes, and estimates the income effects when they do, but does so without incorporating
the downstream inspection penalty that compliance may trigger [41,43,80]. The third is
consumer preference research: it quantifies willingness to pay for environmental attributes,
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generally through choice experiments conducted in isolation from the procurement criteria
that determine what reaches the shelf in the first place [81].

Each is rigorous within its own tier, and this study draws on all three. What none
appears designed to establish is where the cost of an environmental requirement finally
comes to rest, because that question is answered at the interfaces between tiers rather than
within any one of them. Answering it requires evidence from Tier 3 in particular. The
cooperative is the point at which an agronomic outcome is converted into a grade and a grade
into a price, and it is the only tier positioned to explain how that conversion is performed
and what discretion, if any, it permits. Producers can report what they were paid; only the
midstream gatekeeper can account for why. Comparable value chain research on Asian rice
has made the same methodological point, showing that the significant transformations of
recent decades have occurred in the midstream segments—milling, wholesaling, logistics—
that farm-level and consumer-level studies both pass over [82].

One might still object that retail buyers dilute a sample in a study about on-farm
friction. Our answer is that the study is not built to describe the average farm. It is built
to trace how an environmental requirement is transmitted through a chain, and where its
consequences finally settle. To establish that a cost is not absorbed at Tier 3 or Tier 4, we
need evidence from the people who work at Tier 3 and Tier 4. Producers can tell us what
they were paid; only the cooperative can explain how the grade was assigned, and only the
retailer can say what the shelf will bear.

3.3. Sampling Strategy and Informant Demographics

Interviews were semi-structured and conducted between October 2025 and March 2026,
using a common instrument with tier-specific sections covering farm profile, adaptation
and mitigation practice, barriers and incentives, branding and price formation, and open
reflection. Sampling was purposive rather than random. As Patton (2015) argues, the logic
of purposive sampling lies in selecting information-rich cases—those from which one can
learn a great deal about matters central to the purpose of the inquiry—and the criterion of
selection is therefore analytical relevance rather than representativeness [83]. We selected
accordingly for position along the chain, giving ten respondents (Table 1).

Table 1. Participant profile by supply chain tier.

Code Tier Entity Type Position in Chain Relation to AG-005

P1 2 Incorporated farm, ~50 ha Large-scale producer, employer Not registered

P 5 Family farm Conventlor}al producer, Not registered; invited by an
succession-stage aggregator
P3 2 Community farming association Margmal—settlen.lent collective, Not registered
mountainous
P4 3 Specialist rice merchant Independent wholesaler/retailer Not applicable
. . Lo . . Reported an unregistered

pP5 3 Agricultural cooperative (JA) Aggregation, inspection, grading trial in its area

P6 2 Organic/eco-producer Reduced-input, direct sales Not registered

p7 2 Community farming association =~ Reduced-input, place-branded Not registered
P8 2 Eco-producer, direct sales Independent price-setting model Not registered; 1nfqrmed via

the cooperative

P9 Department store Premium retail buyer Not applicable

P10 4 Supermarket chain Mass-market retail Not applicable
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The distribution—six at Tier 2, two at Tier 3, two at Tier 4—reflects the double aim
of describing upstream friction in reasonable depth while establishing the downstream
conditions that shape it.

One characteristic of the sample requires statement, because it bounds what the study
can claim. Participation in the J-Credit Scheme is not automatic: an operator must submit a
project plan, obtain registration, and undergo verification before any credit is issued. None
of the ten respondents had registered a project under methodology AG-005. The interviews
therefore document why eligible producers decline to participate, and what the requirement
would cost them if they did; they do not document the experience of participants. We return
to the implications in Section 6.3.

Two respondents described how the scheme reached them. One producer said an
aggregator often sent invitations to register, presented as having no downside (P2). Another
said that information came through the cooperative (P8). The cooperative also reported an
unregistered trial of the extension in its area (Section 4.1).

3.4. Data Collection, Thematic Coding, and Triangulation

Interviews were conducted in Japanese. The quotations are the authors’ translations,
checked against the transcripts. Interviews were transcribed and analysed through thematic
analysis following the six-phase procedure set out by Braun and Clarke [84]: familiarisation
with the data, generation of initial codes, searching for themes, reviewing themes, defining
and naming them, and producing the report. Coding ran inductively from the transcripts
into a structured codebook of five themes and fourteen subthemes: climate adaptation
and environmental change; farm management economics; the challenges and limits of
environmentally friendly agriculture; regional community and the multifunctional roles of
agriculture; and changes in distribution and consumption alongside distrust of agricultural
policy. Coded segments were kept in an anchor-quote repository tying every analytic claim
back to verbatim transcript evidence, so the path from utterance to theme to argument can
be audited. Claims in Section 4 rest on convergent accounts from more than one respondent;
where an observation comes from a single account, we say so. Generative Al tools were
used at two points in the study. Google Antigravity (Gemini 3.1 Pro High) was utilised
to assist with the transcription of interview recordings. The authors wrote the text, using
Claude Code (Anthropic; Claude Opus 5.5 High) to edit and refine the English expression
and to check citations against the source documents. Coding and theme development were
carried out by the authors without Al assistance. The authors reviewed and verified all
Al-assisted revisions.

Two limitations in the procedure should be stated plainly. Coding was done by the
research team without independent double-coding, so we report no inter-coder reliability
statistic; what we offer instead is the retained anchor-quote repository, which allows the
inferential chain to be checked. Second, respondents were recruited through networks that
may over-represent operators already engaged with environmental agriculture. That would
tend to understate indifference to such schemes and overstate informed criticism of them.

Data collection stopped at ten interviews on grounds of thematic saturation. Method-
ological work indicates that in relatively homogeneous groups most core codes emerge
within six to twelve in-depth interviews [85]. Here, no new subtheme came out of the
final two interviews, and the three mechanisms reported below—the drainage conflict,
the grading conflict, and the eco-premium ceiling—were each described independently
by respondents at more than one tier. Saturation is claimed for the themes present in this
chain. Other prefectures will differ in the detail of their arrangements—in grading practice,
in cooperative structure, in the balance between pooled and direct sales—but the three
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structural conditions identified in Section 5.3 are not peculiar to Shiga, and where they hold
we would expect the same themes to appear again.

4. Results
4.1. Tier 2 (Upstream Producers): The Agronomic and Labour Burden of Drainage Extension

Producers described two separate tensions between what mitigation asks of them and
what adaptation requires.

The water conflict. AG-005 requires mid-summer drainage to be extended by at least
seven days beyond each field’s own recent average [1]. Producers reported that warming
has made them more dependent on retained water, not less. A cooperative respondent put
the incompatibility plainly:

“We have always worked on two weeks of mid-summer drainage. Extend it by another
week and the plants wither, so going in for carbon credits on that basis is difficult in our
area. ... With the heat as it is, some farmers are putting in more water. The carbon credit is
the opposite, so it is hard.” (P5)

The same respondent described the closest thing in our material to compliance. About
two years before the interview, the cooperative asked a member farmer to try the extension.
Growth stalled and the grain filled poorly. The conclusion was that “another week makes it
hard” (P5). The trial was not registered under AG-005, and we know of it only second-hand.

A producer already working under the direct payment framework said he maintained
drainage of roughly ten days to two weeks but doubted a further week served any agronomic
purpose, since damaging the crop to extend the period would defeat the object (P1).

Another producer drained and cut furrows as the guidance asks, then put water back
because the crop “loses to the heat” (P2). These concerns match the Ministry’s own case for
the scheme. It argues that longer drainage is uncommon because over-drying can damage
roots and reduce yield (Section 2.2).

Respondents also raised a durability problem that the methodology does not contem-
plate. One eco-producer noted that some fields, once dried, cannot reliably be re-flooded,
and argued that judging drainage through a carbon lens alone ignores what the water
regime does for biodiversity (P8). This sits well with prefectural guidance that keeps
paddies flooded for three weeks on either side of heading to protect quality [54]. Another
producer described the underlying logic in thermal terms: use natural mountain water, and
admit it gradually through the day rather than in one volume, so that it does not warm
before it reaches the paddy (P7).

Thus the conflict is not a matter of reluctance. Mid-summer drainage and flooding
around heading both act on the same thing: the water standing in the paddy. For early-
maturing cultivars, the extended drainage runs up against the weeks when the water must
return (Figure 1). AG-005 sets a single national requirement for how long that water must be
withheld. It contains no provision allowing the period to be shortened where withholding
water would damage the crop, and no mechanism by which a producer can report that it
would. A grower who re-floods simply loses the credit for that field and year [36].

The chemical-labour conflict. The Green Food System Strategy targets a 50% cut in
chemical pesticide use [32]. Producers reported that warming has raised pest pressure at
the same time, describing marked increases in stink bugs and planthoppers, and wider
wildlife damage attributed partly to mild winters letting more juvenile deer survive (P3, P6).
This matches the wider agronomic literature, which documents that warming shifts weed
and pest ranges and extends their growing season, working against reduced-input regimes
that depend on manual and mechanical control precisely when that control becomes harder
to provide [86]. Reduced-input cultivation shifts that burden onto manual labour. One
producer reported roughly six weeding passes against four under conventional practice, plus

https://doi.org/10.3390/su182110771


https://doi.org/10.3390/su182110771

Sustainability 2026, 18, 10771

14 of 29

systematic clearance of surrounding vegetation to deny the insects habitat (P1). Another
described the loss of control that comes with dropping synthetic fertiliser, since organic
nutrient release varies year to year and cannot be corrected once the season is underway
(P2). A global meta-analysis puts the average yield gap between organic and conventional
systems at roughly 25%, narrowing to about 13% under the best organic management,
which is consistent with producers treating the transition as a real production cost rather
than a marketing choice [87].

This burden falls on a workforce whose mean age is close to 68 [15]. The Japanese
literature anticipates the result. Econometric analysis shows that larger operations find
reduced-input techniques harder to adopt because of labour constraints—a diseconomy of
scale peculiar to environmental agriculture [80], with the added labour bearing directly on
operating efficiency.

Capital compounds all of this. One producer named machinery investment as his
single largest pressure, citing a cabin combine bought with air conditioning so the operator
does not suffer heat illness, and refrigerated storage now run continuously because grain
that once held its quality in a cool room for a year no longer does (P2). These are adaptation
investments. The mitigation framework does not support them, and they are being made
by operations whose return to labour is already marginal [17].

4.2. Tier 3 (Cooperative and Merchants): Quality Grading Traps and Uncompensated Degradation

The midstream tier is where physical grain quality becomes price. Grading under the
national agricultural inspection system assesses visual characteristics, and chalky immature
grains from high-temperature ripening are a downgrading defect [6].

Producers reported the effect directly. One described a season in which first-grade rice
was scarce and second and third grades predominated, put the quality loss down to heat,
and responded by intensifying water management and withdrawing from fields he could
no longer maintain (P3). Another said Koshihikari had become difficult to grow in the
prefecture because of chalky grain (P2), and a merchant said flatly that the cultivar can no
longer take the summer heat and that a move to varieties able to hold quality is necessary
(P4). A cooperative respondent described a managed transition away from Kinuhikari
toward Kinumusume and a new prefectural line, together with re-consolidation of stored
grain into low-temperature warehousing because spring temperatures now rise earlier (P5).
One producer put the price penalty for a lower grade at about 1000 JPY per 60 kg bag
(P2). The inspection record matches these accounts. Shiga’s first-grade ratio was 51.4%
for the 2023 crop and 32.5% for the 2025 crop, below the national ratio in each year from
2023 [71-73].

These accounts describe losses from heat itself. None of the respondents was extending
drainage under the scheme, and none blamed a downgrade on it. What this section shows
is that the exposure is already high. It also shows that the chain would not compensate any
loss that compliance added (Section 4.4).

The governance consequence is the substance of the finding. The grading system
judges the grain, not the process that produced it. A producer who extends drainage under
a mitigation scheme, or forgoes pesticides under an environmental one, and whose grain
may therefore be more exposed to heat or pests, takes the downgrade in full. Nothing
adjusts for the policy origin of the loss. Grading also decides the environmental premium.
At one Shiga cooperative, the premium for specially cultivated rice is paid on first-grade rice
only [88]. A downgrade therefore removes the environmental premium as well. In value
chain terms the cooperative acts as a gatekeeper exercising asymmetric power through
control of a standard [74,75], and that standard is written in terms—visual appearance—

https://doi.org/10.3390/su182110771


https://doi.org/10.3390/su182110771

Sustainability 2026, 18, 10771

15 of 29

that have nothing to do with the environmental objectives the producer is being asked
to serve.

It would be wrong to read this as cooperative obstruction. The grading standard
reflects what the market downstream expects, and Section 4.3 shows that expectation is real.
The cooperative transmits a constraint; it does not originate one. Japanese market research
finds that cooperative-led programmes have little power over price, whereas grower groups
that sell directly set their own prices [89].

Some producers respond by leaving the tier altogether. One eco-producer described
setting price not against the market but by calculating what the enterprise needs to reproduce
itself, and then holding that price rather than following cooperative purchase prices up
and being caught when they fall (P8). It is a coherent strategy. It is also available only to
operations with direct sales channels and enough brand recognition to use them, and it
does not generalise to the tier.

4.3. Tier 4 (Retailers): Market Bifurcation and the Limits of the Eco-Premium

The last constraint is the ceiling on what environmental value will fetch.

Retail respondents described a market splitting in two. A buyer at a department
store (P9) reported that specially cultivated and organic rice sells reliably at premium
channels with no discounting, sustained by customers who cannot buy such products
in supermarkets. This respondent qualified the point immediately: an environmental
story alone does not decide a purchase, and the arrangement that works is one where
environmental consideration sits as an extension of taste rather than a substitute for it (P9). A
mass-market supermarket respondent described movement in the other direction, reporting
that over the past year or two the reasons for choosing a particular rice had collapsed toward
price, with customers buying advertised products in bulk on weekends. Environmental
attributes were attractive but not enough to widen demand. The chain therefore continues
to stock such products so that the shelf offers a complete assortment, while expecting
the sales volume to come from elsewhere (P10). Consumer research on sustainable food
consistently finds a gap between stated environmental attitude and actual purchase, with
price sensitivity and habit outweighing professed values at the point of sale [90], and work
specifically on organic price premiums finds that willingness to pay collapses once the
premium is made salient at checkout rather than in a survey [91]. Related work on visual
imperfection in food finds that abnormal appearance depresses purchase intention even
when the product is explicitly labelled as organic, which is the same mechanism working
against chalky, heat-damaged grain regardless of how it was produced [92]. The retail
accounts above describe this gap in practice rather than in the abstract.

The Japanese consumer literature corroborates this. A latent class analysis of consumer
co-op members finds that those who value safety and public benefit form a distinct mi-
nority of about one-fifth [81]; studies of Shiga’s own biodiversity-branded rice report low
awareness and substantial barriers in general retail [93].

International choice-experiment evidence reports positive premiums for low-carbon
and sustainability attributes [94], but two qualifications limit the transfer. Stated willingness
to pay in an experiment is not realised purchasing under inflation, and the retail accounts
above describe the latter. Willingness also appears to depend on information source and
regional branding [95].

The macroeconomic setting matters too. Under sustained consumer price inflation and
disrupted rice supply and price formation [30], the segment able to act on environmental
preference gets smaller still. The mass market does not reward compliance, and it continues
to penalise the visual quality loss that compliance can cause.
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Published Japanese studies show that the premium depends on the sales channel. For
Shiga’s “cradle paddy” rice, one supermarket charged a premium of 500 JPY per 5 kg, and
a farm stand near the producing village 100 JPY [96]. On Sado Island, rice that falls to third
grade cannot be sold as certified Toki rice [97]. The same study finds that small volumes
make contract sales difficult [97]. Our three channels fit this pattern. In pooled cooperative
sales, a downgrade removes the environmental premium (Section 4.2). Direct and contract
sales can carry a premium, but only for small volumes.

4.4. Tier 1 (Governance): Subsidies, Risk Transfer, and the Structural Triple Bind

Put the three tiers together and the structure closes. National mitigation policy offers a
credit for a practice that, for early-maturing cultivars, squeezes the water management that
heat adaptation needs. Midstream grading converts the resulting quality loss into income
loss without regard to where it came from. Downstream markets decline to make up the
difference in price. Each tier behaves rationally given its own constraints, and the aggregate
result is that the full cost of national climate mitigation policy accumulates at the tier least
able to bear it.

The credit is too small to cover these risks (Tables 2 and 3). In the middle case, a Shiga
grower would earn about 525 JPY per 10 a a year. A 3% fall in yield, the average in the
national trials, would cost more than five times that amount [35]. The credit would cover
a first-to-second-grade downgrade of less than a tenth of the crop. Work in Tohoku and
Kanto reaches the same result. There, the revenue lost to a 3% fall in yield exceeded the
credit income on farms of every size [98].

Table 2. Credit income from AG-005, per 10 a (0.1 ha), Tokai-Kinki region.

Low Middle High
Emission reduction (t-CO,e per 10 a) 0.10 0.14 0.41
Field condition (straw incorporated) daily drainage 4 h drainage poorly drained
Credit price (JPY per t-CO,e) 3000 5000 5374
Share kept by the farmer 70% 75% 100%
Credit income (JPY per 10 a per year) 210 525 2203
Share of the crop whose downgrade
from 1st to 2nd grade the credit 4% 9% 38%

would cover

Notes: Emission reductions per hectare for the Tokai-Kinki region [36], converted to 10 a. Prices:
lowest and highest traded prices for mid-season drainage credits, October 2023-September 2026 [99],
and the Ministry’s illustrative price [36]. Aggregator fees of 20-30% [100]; none in the high case.
Share of the crop: credit income divided by the first-to-second-grade loss in Table 3. Calculated by
the authors.

Table 3. Yield and grade losses per 10 a (0.1 ha), Shiga.

Loss Item (JPY per 10 a) Value
3% yield loss, at the 2023 advance payment (12,200 JPY per 60 kg) 2867
3% yield loss, at the 2024 final take-home price (22,564 JPY per 60 kg) 5303
Whole lot from 1st to 2nd grade, including loss of the 5797
special-cultivation premium
Producer-reported penalty for lower grade (about 1000 JPY per 7833
60 kg bag)
Whole lot from 1st to 3rd grade, including loss of the premium 14,257

Notes: Yield: 470 kg per 10 a, Shiga, 2023 crop [101]. Yield loss: national trial average [35]. Grade
differences: 2023 Koshihikari advance payments by grade, with a premium of 200 JPY per 60 kg on
first grade only [88]. Producer-reported penalty: P2. Calculated by the authors.
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The table does not estimate how much the extension raises the risk of a downgrade.
No domestic trial isolates that effect (Section 2.3). The table shows the choice a grower faces
when deciding whether to register. On one side is a small, certain income. On the other is
a possible loss that the credit cannot cover and that grading would assign to the grower
in full.

5. Discussion
5.1. The Mitigation—-Adaptation Paradox as a Structural Value Chain Conflict

What the findings show is a mismatch between the scale at which the mitigation
instrument is designed and the scale at which its consequences arrive. AG-005 works
on a national accounting logic: a defined practice change yields a quantified emission
reduction, verifiable through a standard protocol [1]. For that to work the practice change
must be uniform enough to certify, which means it must be specified without reference to
local conditions. Our evidence suggests that this very independence is what breaks the
instrument at the operational tier, because the variable it acts on—paddy water—is also the
main instrument of local heat adaptation [54].

The governance literature calls this a scale mismatch: a problem is managed at one
level while the processes it concerns run at another, and nothing spans the gap [102]. This
fits the wider finding that top-down climate policy underperforms without the nested,
polycentric arrangements able to mediate between levels [103].

A common-pool resource framing applies here, though not in the sense the term usually
carries. The point is not that water is scarce and that AG-005 asks for more of it; it asks for
less. The point is who holds the authority to set the rule. Irrigation water in Japanese paddy
systems is governed collectively—through land improvement districts and village-level
associations that determine the sequencing and duration of supply to each block—and
these institutions have been analysed directly against Ostrom’s design principles [104,105].
What is held in common is therefore less the water itself than the schedule that governs it,
and withholding water is no more an individual act than taking it: farmers who extend
drainage do so inside a rotation they do not set, and re-flooding afterwards depends on
when that rotation next reaches their block. AG-005 does not create a new water-governance
regime. It imposes a uniform national rule, addressed to individual certified operators, on
a resource whose operating rules are already set collectively at a different scale.

Two of Ostrom’s design principles sharpen the diagnosis [105]. The first is congruence
between rules and local conditions: a rule governing how a resource may be used, if it
disregards local biophysical circumstance, tends either to be disregarded in turn or to
damage the resource it governs [105]. A uniform seven-day drainage extension is a non-
congruent rule in exactly that sense, and the accounts of fields that cannot be reliably
re-flooded (P8) describe a case where compliance would damage the productive asset
itself. The baseline rule makes this harder for growers who already drain at length. Shiga’s
prefectural payment already supports drainage of at least 14 days (Section 2.2). For those
growers, the credit requires at least 21 days. The second is what Ostrom termed nested
enterprises: in durable governance systems, the rules are not set at one level alone but in
layers, with local units retaining authority over local conditions while operating inside wider
institutional arrangements [105]. In the Japanese rice chain the cooperative is the obvious
candidate for a meso-level node: it already aggregates, inspects, grades, stores and markets,
and it already sits between national standards and individual operations. What it lacks is
any mandate or instrument to adjust a national requirement to local conditions. It passes Tier
1 rules down and Tier 4 expectations up, and absorbs neither. So the polycentric diagnosis
is not that Japan lacks intermediate institutions. It is that the intermediate institutions it
has are built as transmission mechanisms rather than as adaptive governance nodes.
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The political economy behind this arrangement matches accounts of Japanese agricul-
tural restructuring, which describe environmental and structural risk moving from state
provision toward supply chains and communities [14]. The Green Food System Strategy
names the supply chain as its delivery vehicle [33]. The difficulty is what this means in
practice. Producers cannot raise their prices, because the grade and the cooperative’s pooled
purchase price are set for them. Nor can they decline the requirement, because compliance
is tied to the payments and certifications on which their operation depends. When a policy
is delivered through a chain, and one tier in that chain can neither charge more nor say
no, the cost stops there. Designating the supply chain as the delivery mechanism therefore
designates the producer as the one who pays.

5.2. Beyond Band-Aid Fixes: Transformative Adaptation and Institutional Reform

The low-carbon adoption literature locates non-adoption in producer attributes—
risk preference, credit access, training, contractual security [7,8]—implying that adoption
should respond to interventions aimed at them. Our findings suggest a complementary
structural account. Non-participation here is not well explained by information deficit or
risk aversion: respondents showed detailed technical grasp of the methodology and raised
specific agronomic objections to it (P1, P5, P8). It is better explained by the fact that the
scheme asks for an action that respondents expected to increase the crop’s vulnerability
to heat, for an income too small to cover the risk (Tables 2 and 3), in a chain where the
resulting quality loss becomes income loss at the next tier and is not compensated at the tier
beyond. Under those conditions, declining to participate is what a well-informed operator
should rationally do. It follows that measures directed at the producer—more training,
better information campaigns, improved access to credit—would not be expected to change
the decision, because the obstacle is not situated in the producer.

Three implications follow. The first concerns how adoption is studied. Whether a
producer gains or loses by complying depends on what happens to the crop after it leaves the
field—on how strictly it will be graded, and on what that grade will be worth. Two farmers
with identical attitudes to risk will reach opposite decisions if one sells into a channel that
penalises appearance and the other does not. Studies that model adoption without knowing
which channel the farmer sells into are therefore missing a determinant of the decision
they are trying to explain. Second, where a mitigation practice and an adaptation practice
compete for the same physical resource, synergy framings that assume the two can be jointly
optimised [4,5] need one further condition: that the institutional environment can recognise
the trade-off and price it. Third, the case supports the observation from the assessment and
modelling literature that concentrating analysis at the farm level may obscure the structural
constraints running through value chains [2,27].

5.3. Theoretical Contributions to Supply Chain Governance and Climate Policy Trade-Offs

We therefore suggest reading this configuration not as a paradox in the logical sense, nor
as an ordinary policy trade-off, but as a question of who carries risk. A climate requirement
can be technically coherent, economically rational for the state, and still unbearable for the
tier its costs land on, simply because no institution in the chain has the authority to move
them. Read that way, the case points beyond rice. It suggests similar friction wherever
three conditions hold together: a mitigation instrument acting on a resource that also serves
adaptation; an intermediate grading or certification regime that prices output characteristics
rather than production practice; and a downstream market for environmental attributes
too small to absorb the cost of compliance. Table 4 compares this configuration with
maladaptation (Section 1.3).
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Table 4. Maladaptation and the Mitigation—Adaptation Paradox compared.

Maladaptation

Mitigation—Adaptation Paradox (This Paper)

Starting point

Any action; most reviews examine actions
taken in the name of adaptation

A mitigation requirement: here, the AG-005
drainage extension

What is assessed

Outcomes, actual or potential: more,
shifted or new vulnerability

The design of the instrument: how it allocates
the risk of failure along a chain

Poor understanding of local vulnerability;

A uniform rule on a resource that adaptation

Mechanism unequal participation; adaptation added  also uses; a grade that ignores the cause of loss;
onto existing development no compensation further down the chain
Where the burden falls In place, or moved to other places, groups At one tier of a chain, 'the producers, and
or times recorded at no other tier
. An embankment that raises flood risk Extended drainage for methane credits in a
Typical example . .
downstream heat-exposed rice region
Can it be checked Yes, from the rules of the instrument and of

before losses occur?

Yes, as potential outcomes

the chain

Notes: Maladaptation column compiled from [24-26]. Paradox column: Sections 1.3, 2.2 and 4.2—4.4.

Comparative evidence supports the first two conditions: participation follows where
compensation is calculated and paid [49], and adoption rises where contracts secure the
downstream relationship [8]. Domestic evidence points the same way. A comparative study
examines two Japanese wildlife-coexistence rice programmes [106]. Both link reduced-input
cultivation to the recovery of a threatened bird: in Toyooka, Hyogo Prefecture, rice grown
to support the reintroduced Oriental white stork, and on Sado Island, Niigata Prefecture,
rice grown to support the crested ibis. In each case paddies are farmed to provide feeding
habitat, and the resulting rice is marketed under the bird’s name at a premium. The study
finds that diffusion succeeded where municipalities, cooperatives and producers built a
consensus-formation process, and not where requirements were simply handed down.

International work on carbon credits in rice points the same way. In the Philippines,
alternate wetting and drying covered less than 5% of irrigated land in 2016, after two
decades of promotion [107]. An attempt to fund it through Clean Development Mechanism
credits did not pass the pilot stage [107]. The authors reject the view that adoption follows
once farmers have the knowledge. Their review does not discuss grain quality or grade. In
Shiga, by contrast, the main risk of compliance runs through the grade.

Critics of climate-smart agriculture make a related point. Rosén and colleagues show
that, depending on the policy discourse, the burden of mitigation can shift onto marginalised
producers [108]. They also find little evidence that smallholders gain from carbon mar-
kets [108]. Our case adds one point. Here the burden is shifted not by private firms but by a
national credit scheme and a national grading system, each working as designed. Estimates
at the national scale give a different picture. In Chinese agriculture, methane has the lowest
marginal abatement cost of the main greenhouse gases [109]. Such estimates show the cost
to the economy as a whole. They do not show which tier of a chain bears the risk.

The findings point toward three institutional reforms, which we set out here as analyti-
cal implications and restate as concrete recommendations.

From unilateral requirements to supply chain co-design. The first implication con-
cerns how targets get set. At present, mitigation requirements are written at Tier 1 and
passed straight down to Tier 2, with the intermediate tiers acting as conduits. Our evidence
suggests that requirements written without reference to operational constraint tend to be
declined rather than negotiated, which yields neither mitigation nor legitimacy.
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What we mean by co-design is straightforward. At present the government decides
what the requirement will be and then announces it; the other parties can comment, but the
decision has already been taken. Co-design means the parties who will have to live with the
requirement—the cooperatives that must grade the resulting crop, the retailers that must
sell it, and the farmers who must grow it—sit at the table while the requirement is being
written, and have the authority to vary its technical terms according to local conditions. The
difference is between consultation after the fact and joint decision-making before it. This
is what the collaborative governance literature calls a multi-stakeholder forum: a formal,
consensus-oriented process in which state and non-state actors jointly determine implemen-
tation rather than the state determining it alone and non-state actors merely commenting
on the result [110]. The distinction matters here because AG-005 was set through the latter
process, not the former. In polycentric terms this means giving intermediate institutions an
adaptive mandate instead of a transmitting role, and building in the congruence between
rules and local conditions that the present instrument lacks [102,103]. The domestic prece-
dent in wildlife-coexistence rice suggests such arrangements can be built from existing local
actors, given leaders who connect them [106].

Co-design has costs and trade-offs. The state wants reductions it can verify. Retailers
want first-grade rice. Farmers want a secure income. A forum cannot remove these conflicts,
but it can make the trade-offs explicit. For example, a variant that allows re-flooding during
heat warnings would be easier for farmers to accept. It would also earn a smaller and less
certain credit, which makes verification harder.

Concretely, a methodology such as AG-005 would need to admit conditional variants—
recognising equivalent mitigation achieved by other means, in fields where extending
drainage would damage the crop—rather than specifying one uniform practice nationwide.

From gatekeeping to the administration of climate resilience. The second implication
concerns the grading interface, which is where compliance turns into loss.

It is worth being clear about what we do not propose. Cooperatives cannot simply relax
grading standards. Grade reflects real differences in appearance and eating quality that
buyers downstream price, and as Section 4.3 shows, mass-market consumers do not treat
environmental provenance as a substitute for quality [81,93]. A cooperative that graded
heat-damaged grain as first grade would absorb the loss itself and would not last long
doing it.

The workable intervention is a state-backed compensation mechanism administered at
the midstream tier. Where a producer has complied with a specified mitigation requirement
and has taken a quality downgrade, the cooperative would administer a payment covering
the price difference between the grade achieved and the grade that would ordinarily have
been expected. Second-grade rice still sells, but at a lower price. The payment would
cover that price gap. This keeps the grading system intact, keeps the market signal to
consumers intact, and removes the penalty that compliance now carries. It extends the
logic of existing environmental direct payments, whose effects and spatial variation are
already documented [41], from a payment for practice into an indemnity against com-
pliance risk—which is what our evidence indicates is actually needed, since the binding
constraint our respondents describe is downside exposure rather than the absence of a
practice payment.

The obvious objection is that no one can tell whether a downgrade came from compli-
ance or from heat alone. Japan’s revenue insurance avoids this question. It covers falls in
revenue that good management cannot prevent, measured against the farm’s average over
the past five years [111]. The cooperative respondent described it as a tool growers already
use (P5).
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Crop mutual aid (NOSAI) already separates causes in the field. When it assesses
a loss of grain quality, it excludes losses caused by poor fertiliser management or pest
control [112]. A compliance indemnity could build on this procedure. It would state that
documented compliance with a registered methodology is not a management fault.

The fiscal cost would be modest at present uptake. Suppose that all of the roughly
1100 ha under the scheme in the Kinki region were downgraded from first to second grade
in one year [37]. At Shiga prices, the payment would be about 64 million JPY (Table 3).

Such a mechanism should be paired with faster cultivar transition, so that compensation
does not harden into a permanent subsidy for a deteriorating agronomic position. The prefec-
tural Kiramizuki programme, with its cultivation standards and extension materials, offers
a vehicle that already exists [53], and the wider technical literature on high-temperature
countermeasures supports the pathway [39].

From retail premiums to alternative financing. The third implication follows from
the finding that the downstream market will not fund the transition. Given record rice
prices [30] and evidence that environmentally motivated consumers are a minority [81],
policy that depends on consumers paying an eco-premium is unlikely to deliver at the
scale required.

Capital therefore has to come from somewhere other than the retail price. Corporate
environmental, social and governance investment is one route. Large firms increasingly
report not only the emissions from their own operations but also those arising across their
supply chains—known as Scope 3 emissions, which for a food company typically account
for the large majority of its total footprint, and which it can only reduce by acting on its
suppliers. A firm purchasing rice therefore has a reporting interest in the emissions of
the farms that grow it, and a corresponding reason to fund the transition directly rather
than through the product price. This is structurally a payment for environmental services
arrangement, in which a buyer who values an environmental outcome pays the party posi-
tioned to produce it, conditional on delivery [113]. Recasting corporate ESG spending in
these terms—a conditional payment for a defined service, not a donation—is what would
make it durable rather than dependent on a firm’s current sustainability messaging. The
valuation literature shows participation in eco-friendly practice responding to compen-
sation rates [49], and evidence on contracting shows secure downstream relationships
raising adoption [8]. Both point toward financing that bypasses the retail premium: what
farmers value is a secure contract and a guaranteed price, not a premium that may never
materialise downstream.

This route has limits of its own. A buyer will pay only where it can count the reduction
in its own reports. That favours large, well-documented farms over small farms on hilly
land. It also risks counting the same reduction twice: once as a J-Credit sold to another
firm, and once in the buyer’s own supply chain accounts. Clear rules on who may claim
each reduction would have to come first.

This should sit alongside a restructuring of national budgetary support to decouple
payment from yield and visual quality. Support calibrated to output characteristics necessar-
ily penalises the producer whose output characteristics have been degraded by compliance.
The distinction matters because of what each kind of payment can and cannot reach. A
payment calculated on yield or grade rewards the farm that produced a good crop; it
cannot compensate the farm whose crop was downgraded precisely because it followed an
environmental requirement. Only a payment triggered by the act of compliance, rather than
by the quality of the output, can do that. Given the direction of consolidation policy [28]
and the persistence of abandoned land [16], support of this second kind would address a
constraint that yield-linked payments structurally cannot.
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6. Conclusions
6.1. Synthesis of Core Findings

This paper asked how national climate mitigation policy interacts with local adaptation
across a multi-tiered rice supply chain in Shiga Prefecture. The evidence points to a Triple
Bind. We observe it in the reasons producers give for declining the scheme. Upstream,
the drainage extension certified under AG-005 leaves early-maturing cultivars little time
before panicle initiation, and a grower who re-floods in a hot spell loses the credit, while
the targeted cut in pesticide use meets heat-amplified pest pressure and an ageing labour
force. Midstream, grading under the national inspection system turns the resulting quality
loss into income loss, with no adjustment for where that loss came from. Downstream,
mass-market retail reports that consumers under inflation will not fund compliance, leaving
eco-premiums confined to a segment too narrow to carry a transition. Against these risks,
the credit offers about 2002200 JPY per 10 a a year.

Each tier acts rationally within its own constraints. The aggregate result is that the
cost of national mitigation policy settles on the least capitalised participant. This suggests
the friction between mitigation and adaptation here is better understood as a question
of how risk is distributed along a chain than as a deficit in producer knowledge, capital
or willingness.

6.2. Policy Recommendations

Unilateral mitigation requirements become unworkable in practice when they take
no account of the economic dependencies of the chain that carries them. Bringing climate
governance into line with those dependencies would mean giving intermediate institutions
an adaptive rather than a transmitting role, insuring producers against compliance-induced
quality loss instead of assuming markets will reward compliance, and drawing transition
finance from actors whose balance sheets can supply it.

These conclusions come from one prefecture, distinctive in both hydrology and topog-
raphy, and moving them elsewhere requires attention to the boundaries set out in Section 6.3.
Within those limits, the case suggests that how well agricultural climate policy works may
depend less on the technical specification of the mitigation practice than on whether the
institutions around it can see, price and reallocate the risks that compliance creates.

6.3. Limitations and Future Research

The mechanism described above is not confined to Shiga, but neither does it operate
everywhere in the same form. This section sets out the conditions that govern how far the
findings apply beyond this case, and the limitations of the study itself. We state these not to
withdraw the claim to wider relevance, but to specify it: the value of a single case lies in
identifying a mechanism precisely enough that others can judge where it applies [70].

Topography. Several respondents criticised national policy for assuming consolidated,
flat cultivation, and specifically doubted whether large-scale mechanised and automated
farming is viable in semi-mountainous terrain (P2). Much of Japan’s commercial rice comes
off alluvial plains where consolidation and standardised mitigation practice are considerably
easier. Treating the constraints of terraced and semi-mountainous paddies as a national
baseline would misrepresent national strategy, and we intend no such generalisation.

Method and sample. Ten interviews in one prefecture support analytic rather than sta-
tistical generalisation [70], and saturation is claimed for the themes present in this chain [85].
Single-team coding without independent verification remains a limitation, reduced but
not removed by keeping the anchor-quote repository. What the study establishes is that a
mechanism operates, and the conditions under which it operates. What it does not establish
is the proportion of Japanese rice production currently affected. That is a question for

https://doi.org/10.3390/su182110771


https://doi.org/10.3390/su182110771

Sustainability 2026, 18, 10771

23 of 29

subsequent quantitative work, and the specification offered here is intended to make such
work possible.

Causal inference. The causal chain in this paper is supported link by link, not observed
as a whole. It runs from the extension to heat exposure, then to a downgrade and an
uncompensated loss. The first link rests on crop timing and on trials elsewhere (Section 2.3).
The downgrades our respondents reported came from heat, in seasons when none of them
extended drainage under the scheme. We therefore cannot separate the loss due to warming
from any loss the policy would add. Our claim concerns allocation. If compliance adds to the
loss, the chain as now organised assigns that addition to the producer. A trial that extends
drainage in a hot season and records inspection grade would test the first link directly.

Participation. None of our respondents had registered under AG-005, and uptake in
the Kinki region is low (Section 2.2). The study therefore examines why these producers
have not joined. Interviews with registered participants and with verification bodies are
the first priority for further work.

Retail evidence. The downstream evidence comes from two retail buyers, supported
by published studies (Section 4.3). The two buyers were chosen for their position in the
chain, and no new theme emerged from the final interviews (Section 3.4). The evidence
therefore shows how retail requirements reach the producer. It does not measure the size of
the market for environmental premiums. Consumer surveys or sales data would be needed
for that.

Other prefectures. One hot season does not set Shiga apart. In 2023 the first-grade
ratio fell even further in Niigata and Yamagata [71]. Shiga differs in that it has not recov-
ered. In 2024 and 2025 the main northern prefectures returned to 75-93%, while Shiga fell
further [72,73]. The bind is therefore likely to be sharpest where grade loss recurs, and
weakest where a year like 2023 remains rare. The credit also varies by region, while the
requirement does not. A field in the Tokai-Kinki region earns about 55% of the credit that
the same field would earn in Tohoku [36]. Two further conditions are specific to Shiga.
Fertiliser use is limited to protect Lake Biwa, and the prefecture already pays for long
drainage (Section 2.2).
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Appendix A

Table Al. Domestic field trials of extended or stronger mid-summer drainage.

Study Place, Years Cultivar Drainage Treatment Yield Grain Appearance
9 sites in Extended b About —3% on Not reported
NIAES [35] 8 prefectures, Various 311 da sy average; —16.2%  (ripening ratio and
2008-2009 Y to +19% by site protein reported)
Shiono et al. Yamagata, Haenuki exze_gg}é;{)au;agae S 90-101% of Sound-grain ratio
[59] 2008-2009 carlier oZlatery ! control; n.s. similar; n.s.
Niigata ARI iy g 17-day drainage - Sound-grain ratio
[60] Niigata, 2008 Koshihikari extended to 24 days Similar to control similar
Drainage stronger or
Niigata ARI Niigata, 2010 g later than Palgr leaves after
Koshihikari — heading; more basal
[57] (hot summer) recommended ) .
(observation) immature grain
7-8-day drainage . .
Hasukawa Shiga, 2014-2015 Mizukagami extended to n.s Sound-grain ratio
etal. [61] n.s.
14-15 days
Yanaeita Mivazaki 7-day drainage Higher than Effect unclear;
& Y ¢ Hinohikari extended by 7 days control in 2022;  control plots lodged
[62] 2022-2023 y 7 cay P &
(three timings) n.s. in 2023 in 2022
Tada and Three dryness levels Lowest sound-grain
Ohmi [68] Iwate, 2022 Hitomebore within one field, over — ratio under the
20 days strongest drainage
Shibata etal. Kanagawa, 2024, Harumi, 7-day drainage Lower‘ on one Lower on two farms,
[63] four farms Kinuhikari extended by 4 or farm; lower higher on one, n.s.
7 days trend on two on one
. 7-8-day drainage No difference .
gaarllefzza Okayama, 2024 Akebono extended by up to (single (sgolc:lgiren;e )
’ 10 days cropping) & pping

Notes: n.s., no significant difference. Shibata et al. and Kanetani et al. are conference abstracts. No
trial reports inspection grade.
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